The significance of NNLO (3-loop) QCD contributions to the flavor non-singlet sector of F ep 2 and F ed 2 has been studied as compared to uncertainties (different factorization schemes, higher twist and QED contributions) of standard NLO (and LO) QCD analyses. The latter effects turn out to be comparable in size to the NNLO contributions. Therefore the minute NNLO effects are unobservable with presently available (precision) data on non-singlet structure functions.
Introduction
In a recent publication [1] a next-to-next-to-leading order (NNLO) QCD analysis of 
Theoretical Formalism
The non-singlet (NS) parts of the structure functions F (1)
where d = (p + n)/2 and q + NS,3 = u v − d v . For x < 0.3 one analyzes the genuine NS combination
where now q + NS,3 = u v − d v + 2(ū −d) since sea quarks cannot be neglected for x smaller than about 0.3. For definiteness we adopt ford −ū the choice [2, 1] 
at Q 2 0 = 4 GeV 2 which gives a good description of the Drell-Yan dimuon production data [3] , but plays a marginal role in our analysis.
At NLO(MS) the n-th Mellin moments of the above NS combinations of valence parton distributions, for brevity denoted by v + , symbolically evolve according to the well known expression (see, e.g. [4, 5] )
where
). The moments of the above NS structure functions F NS 2 are then given by
and this expression is commonly compared with experiment. Inserting v + (Q 2 ) from (5) into this equation one observes a redundant O(a 2 ) contribution, i.e. −a(a − a 0 )C
2,NS R 1 , which in fact belongs to a NNLO analysis and is assumed to be small at NLO. If, however, one chooses to work to a NNLO (3-loop) accuracy, such a redundancy at NLO might become significant as compared to the full NNLO contribution. This will be investigated quantitatively below. Similarly, the choice of a factorization scheme, other than the MS scheme used thus far, might imply larger differences than additional NNLO contributions in the MS scheme. For example, in the deep inelastic scattering (DIS) factorization scheme [6, 4] the Wilson coefficient in (6) is absorbed into the parton distributions, i.e. into their evolutions in (5) with
and, instead of (6),
Taking into acccount QCD 3-loop NNLO α 3 s effects, one also has to consider QED LO α-contributions which are of comparable size [7] . The latter can easily be implemented by changing the n-th moments of the NLO valence input distribution
with α ≃ 1 137
and
NS where C F = 4/3.
At NNLO(MS) the evolution of v + (Q 2 ) in (5) generalizes to
NS and (6) becomes
Convenient expressions for the relevant 2-loop Wilson coefficient C can be easily Mellin-transformed using [9] ). The strong coupling now evolves according in the DIS factorization scheme at NNLO, the Wilson coefficient functions in (10) have to be absorbed into the parton distributions, i.e. into their evolutions in (9) with
is as in the NLO-DIS expression (7) and, instead of (10), we now have
Since flavor NS structure functions are mainly related to the medium and large xregion, the relevant kinematic nucleon target mass (TM) corrections are always taken into account according to [10] 
where higher powers than (m 2 N /Q 2 ) 2 are negligible for the relevant x < 0.8 region, as can straightforwardly be shown by comparing (12) with the well known exact expression in
Bjorken-x space [10] .
Despite the kinematic cuts (
for our analysis, we also take into account higher twist (HT) corrections to
in order to learn whether nonperturbative effects may still contaminate our perturbative analysis. Here we adopt the ansatz [11] h(x) = a x
Notice that the input valence parton distributions v
], NLO and NNLO in the MS as well as in the DIS scheme in eqs. (5)- (11) and (13) can and will be different in general.
Finally, Fermi motion and nuclear effects in the deuteron are strongly model dependent and will therefore not be considered here. They were, however, taken into account in [1, 11, 12] using the specific models cited there. Comparing these results with our valence distributions obtained and to be discussed below, as well as with other results where such effects have not been taken into account (e.g. [2] ), shows that these effects do not change the quality of the QCD fits.
In the present analysis we used the proton and deuteron data of BCDMS [13] , NMC [14] and SLAC [15] , as well as the proton data of H1 [16] and ZEUS [17] 
with the normalizations N u and N d being fixed by Table 1 . The standard NLO and NNLO fits refer to the MS scheme according to eqs. (5), (6) and (9), (10), respectively. Our fit results for NNLO are compared in Fig. 1 with the data used. Except perhaps in LO, we obtained equally good and acceptable fits (χ 2 /dof) in each perturbative order and scenario. As has been already noted previously [1, 12, 18, 19] , a NNLO analysis in general results in a slightly smaller α s (m 2 Z ) than in NLO. This is due to the fact that the higher the perturbative order the faster α s (Q 2 ) increases as Q 2 decreases. In order to compensate for this increase, a NNLO fit is expected to result in a smaller value for α s (m Table 1 are comparable to the ones in [1, 12, 18] . Repeating the NLO and NNLO fits in the DIS factorization scheme improves only marginally the global MS fits (χ 2 ), and the QED O(α) contributions leave the original NLO(MS) results practically unchanged as evident from Table 1 .
On the other hand, the inclusion of higher twist contributions sizeably improves the fits, i.e., the value of χ 2 /dof as can be seen from (Fig. 2) . For illustration we also show in Fig. 1 The actual relative size of our results can best be seen by comparing the various fit results with the pure QCD NLO fit, i.e. by considering the following ratios, depicted in (5) and (6) with R 1 ≡ 0 and C Unfortunately such minute effects are not testable with presently available precision data for non-singlet structure functions which have a typical uncertainty of about 10% in the small and large x-region.
The redundant O(a
2 ) contribution to a NLO analysis, as discussed after (6), turns out to be marginal: repeating the NLO fit with the redundant term removed from F ep 2,NLO in (6),
one obtains |r
Finally, the relevance of HT effects is illustrated in Fig. 2(b) where the ratios r twice as large as the ones without HT contributions in Fig. 2(a) throughout the whole x-region considered, they are still much smaller than present experimental uncertainties.
Conclusions
The significance of NNLO QCD contributions to the flavor non-singlet sector of
2 ) has been studied as compared to uncertainties of standard NLO (and LO)
analyses. NNLO corrections slightly improve the fits to presently available data and imply a better perturbative convergence in the DIS factorization scheme than in the commonly used MS scheme. However, ambiguities of NLO fits such as the choice of a particular factorization scheme (MS vs. DIS) and possible higher twist effects as well as QED O(α)
contributions turn out to be comparable in size to NNLO (3-loop) contributions. In particular, nonperturbative higher twist effects play an important role in obtaining optimal fits (minimal χ 2 ) which turn out to be rather stable with respect to different choices of the lower bound on Q 2 . Their contribution is about twice as large as purely perturbative uncertainties which are typically less than about 1%. We therefore conclude that the rather minute NNLO QCD effects in the flavor non-singlet sector are not observable with present precision data for flavor non-singlet structure functions which have sizeably larger errors.
This work has been supported in part by the 'Bundesministerium für Bildung und Forschung', Berlin/Bonn. (15) and (16) . The analysis for the DIS factorization scheme is based on (7) for NLO and on (11) for NNLO. The QED contribution to NLO is taken into account according to (8) . Table 2 : As in Table 1 but including HT contributions as well according to (13) with the parameters (a, b, c) referring to (14) . Fits using a lower bound Q 2 ≥ 10 GeV 2 in (13) are denoted by HT(10), whereas HT refers to Q 2 ≥ 4 GeV 2 as stated before (13) . NLO and NNLO always refer to the MS factorization scheme. [13, 14, 15, 16, 17] used for our analysis. The higher twist (HT) contribution is taken into account according to (13) and (14) . The NLO fits are very similar and practically indistinguishable from the ones shown. So is the NNLO HT(10) fit resulting from the cut Q 2 ≥ 10 GeV 2 . The inset shows our NNLO input valence distributions at Q 2 0 = 4 GeV 2 . The scales on the left ordinate refer only to F p−n 2
